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I. INTRODUCTION

A "superconducting bolometer" having a lead ribbon as a detecting
element and operating in the transition region between the normal and the
superconducting states, has been developed at the University of Southern
California. It has a noise equivalent power (N.E.P.) of 10'1] watts/Hi%

a sensitivity of 70 volts/watt, a primary response time of 8 milliseconds,
and a spectral range from 14 to 0.1 cm.

It was primarily designed to make absolute photon flux measurements
in the vacuum ultraviolet. In the past such measurements have been espe-
cially difficult below 5004, where source intensities are generally small.
IT the radiation is to be dispersed, the intensity is again reduced by the
small solid angles subtended at thé entrance slit of grazing incidence
monochromators. (The Tow reflectivity of ultraviolet Tight, in this
region prevents the use of normal incident monochromators.)

The superconducting bolometer reported here, however, is in no way
Timited to work in the ultraviolet, but should be of interest to those
also working in the far infrared. Any detector of increased sensitivity
is useful; and the advantage of a bolometer is that its sensitivity need
not be calibrated as a function of wavelength. Unusual care, however, must
be taken when the energy of the incident radiation is great enough to
~generate photoelectrons. When this occurs some energy is not absorbed by
the detector, but is carried away by the electrons. This energy can be
regained, however, if the bolometer element is operated at a higher potential
than its surroundings. An advantage of the superconducting bolometer in

the vacuum ultraviolet region is that due to its very low impedance, the

photoelectric current is small compared to the bias current. This is



not the case for thermistor and other low temperature bolometers, which
can become effectively shorted out by the photoelectrons.

Table I summarizes the characteristics of various detector types.
They can be divided into two groups. The first (1-6) being quantum sen-
sitive and the second (7-10) being energy sensitive. In general the
first group is the more sensitive, but must rely upon the second for
absolute calibration. The superconducting bolometer is only equalled
in spectral range by the thermocouple, and only excelled in noise equiva-
lent power by the Tow temperature high impedance bolometer, reported by

Low.]

The noise equivalent power reported here for the superconducting
bolometer is believed to be somewhat dependent on the transition region

operating point as reported by Andrews, Milton and DeSorbo 2 and could

possibly be improved if the details of this dependence could be determined.

T F. 3. Low, J. Opt. Soc. Am, 51, 1300-1304 (1961).

2 D. H. Andrews, R. M. Milton, and W. DeSorbo, 36, 518 (1946).
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IT. DESCRIPTION OF THE BOLOMETER SYSTEM

Electronics

A bolometer, by definition, is a device that responds to
radiation by a change in resistance. For this work, the resistance
is measured by using a bridge circuit.

The electronics serves two functions. It amplifies the output
from the bridge circuit, which is proportional to the radiation
incident on the bolometer elements; and it maintains the operating
point of the bolometer elements near the center of their supérconm
ducting transition region. (See Fig. 1.)

The bridge 1is driven with a 3 kHz signal, of typically 50 milli-
volts peak to peak amplitude. The amplitude is set by the signal
generator output, voltage divider and buffer amplifier. The buffer
prevents loading of the divider by the Tow impedance bridge.

The bridge is balanced by varying R] and C]. The 3 kHz output
signal from the bridge is amplified and synchronously demodulated to
give a d.c. output at the demodulator proportional to the bridge un-
balance. The radiation incident on the sensing element is chopped by
a mechanical shutter at 5 Hz. Thus the d. c. output from this first
demoduTatorkchanges at 5 Hz, and the change is proportional to the
level of chopped radiation:

A second synchronous demodulator, in synchronism with the
choﬁper demodulates the output from the first demodulator to yvield
a d. c. output proportional to the Tevel of chopped radiation. This
sigﬁa] in turn drives the y axis of an x-y recorder. The abscissa

is proportional to the grating angle of the Seya-type monochromator.
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Two superconducting Tead elements are used in the bridge.
R3 is the sensing element and R4 is the reference element . It is
necessary that R4 also be a superconducting element to prevent thermal

runaway of RS’ and maintain bridge balance for all temperatures.

To insure a constant operating point on the transition region
for each element, the heat dissipated in the heating resistors RS
and RG is controlled by a negative feedback Toop. The error, or
control voltage, is taken as the difference between the output from
the first demodulator and the reference voltage. The feedback Toop
regulates the operating point of the bridge in such a way as to make
the error voltage approach zero. Thus, any operating point on the
transition curve can be choseh by changing the reference voltage. A@
is the summing amplifier. Its gain is adjusted to give a nearly cri-
tically damped second order system. The f]oating voltage supply 1s
used to bias the heating resistors near the desired operating points,
and also prevents bidirectional operation of the heaters. R7 and RB

are voltage dividers used to adjust for differences in heating

characteristics between the elements.

Bolometer Assembly

The 1eadvé1ements are supported on the Bolometer "T" Assembly,
as shown in Fig. 2. This assembly is connected to a 4.2°K primary
heat sink provided by liquid helium. The T assembly and the tail
assembly to which it is attached are made of oxygen free high conduc-
tivity (0.F.H.C.) copper. The elements are soldered to the filament
mounts which make up part of the secondary heat sinks. The base

bracket or primary heat sink is isolated from the secondary heat sink
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by nylon washers. This isolation, or lTow heat conductance path,
between the elements and the 4.2°K primary heat sink allows the
temperature of the elements to be controlled by both the Ticuid helium
and the heater resistors. To prevent a high thermal conductance
via the associated connecting wires, the connecting wires are made
relatively long and of small cross section. This length is physically
compressed by coiling the wires around teflon sleeving attached to
the Tilament mounts. The same technigque is used to improve the
thermal isolation of the heating resistors. The reverse side of the
T assembly provides a connecting socket and mounting area for the
transformer which is mounted under the aluminum coil plate.

Fig. 3 shows a side view of the T assembly when it is attached
to the tail of the helium dewar. The outer dewar tube is at room
temperature ( ~293°K), the aluminum shield can at liquid nitrogen
temperature, 77°K and the bolometer sensing apparatus and inner copper
shield at 4.2°K. The inner shield is coated with lead which becomes
superconducting during operation, thereby eliminating most magnetic

interference.

Vacuum System
A vacuum is required both for thermal insulation between the
boTometer elements and the 1abdratory9 and because of the absorption
by air of the ultraviolet Tight, whose intensity is to be measured.
The‘vacuum throughout the sensor area and Seya-Namioka type
monochromator is maintained at 10'7 Torr by two 0il diffusion pumps

and the cold dewar surfaces, which act as cryogenic pumps.

D



s

Vi

AT

D

[N 7 N

o4

-
(= |

oS

|

:
1]

E

N

18

fotl,
A o
L NS ] |

=
o

UL

rrvzn

ABLY

k

Aluminum
.)E}’:

Coat with masking
and then ¢

i
|

COLLIMAT

\\\‘ALMME
CAN
ASSE

O >
] =
s t, " s N
N\ Y /18
7 N Lt
5 p - e, BLo \Am N 133 b.k.m
) & e /ﬂ, H %.. MBBE
3 VA N =
e VA AT A A S A 0 A% Y BV 7 YA A S S S A A A N N ‘
D ECC o5t e —— N (e T
b j— . fed s =
/ ] ..\I!/ m\i em.u
O AN [ fie

J Wddanrqneid

R A EARIBA RN AR AR S L LA R AL BRRA R A

(covered with Aluminum foil)

LOWER PORTION Ol

WA/ )

Z*LE&D COATED CO

L L,

v

ol
1Y

o
-

LITE
IECTOR

A
UG

[
1aN g
¥ n}\i

QUTER DEWAR
TUBE

A
9



Monochromator

The monochromator is a 1.0 meter Seya-Namioka type using a
Bausch and Lomb go]d~coated~tripartite grating. It is blazed for
8004, and has 1200 grooves/mm. It has a ruled area 4 cm x & cm.
The Seya-Namioka type monochromator 1is noted for its minimum defocus-

sing of the image as the grating is rotated.

Vacuum Ultraviolet Spark Source

The ultraviolet radiation was generated by a spark discharce
from a Tow inductance capacitor, through a water-cooled boron nitride
capillary cdntaihing argon gas at a pressure of 90u. The discharge
was operated in a relaxation oscillator mode at a 50~-Hz. The source
operated at 10 kilovolts and 30 milliamperes.

To prevent the high pressure of the Tight source from affecting
the vacuum in the monochromater, differential pumping was provided

at the entrance slit.
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ITI. NOISE

The sensitivity of a bolometer is limited in two quite different
ways. The simplest of these to understand is the limitation due to the
noise components of competing sources of power flow to and from the
bolometer element. There is power flow in the form of radiation exchange
with the surrounding environment. There is also power flow by thermal
conduction between the bolometer element and the heat sink. The noise
components of these sources of power are known as photon and phonon neise
respectively. These sources can be reduced to arbitrarily low values through
control of the temperature of the bolometer, the environment, and conduc-
tance between the element and its environment.

Another type of noise Timitation is due to thermal effects within
the bolometer, such as Johnson noise and transition region noise. Other
types of noise are shot and 1/f noise. The influence of these noise sources
can be minimized individually, either through control of certain parameters
directly affecting their magnitude or jointly, by increasing the detector
responsivity. In the case of superconducting bolometers there is an
additional source known as the transition region noise. The element
operating in this region is in a mixed state made up of superconducting
regions and normal regions. Thermal fluctuations in the transition region
can cause resistance noise associated with variations of the size and/or
distribution of these two regions within the detector.

The noise equivalent power for a superconducting bolometer which is
defined as the radiant power required to produce a signal at the bolometer output

equal to the output due to all noise sources per unit bandwidth is given

by:



(N.E.P.)% = [ 4KkT2G + 8e, okAT® + 8¢, ohT

1 27 b
+ (2R161)% + (12aR)%)
o[ AR (V;) R} (mza)2 . (RAé)Z : (1)
S S S S
. [2(I2AR% (18R) 4 5(oarar) (RAL) g
where,

S = Responsivity _
T = temperature of sensing element
Tb = temperature of background
R = vresistance of sensing element
G = thermal conductance between detector and heat sink
I = measuring current
k = Boltzman's constant
€y = emissivity of sensing element

€, = emissivity of background

o = Stephen-Boltzman constant

h = effective area of background

A- = area of detector
AR = random resistance fluctuations
ATl = vrandom current fluctuations

V. = input voltage noise of amplifier

i
These noise sources fall into three groups as indicated by the brackets.

The first group consists of terms which describe either the random
flow of energy to and from the detector, or the random generation of
power within the detector. For convenience, any noise of this type will
be called power noise in subsequent discussions. The first three of these

terms are independent of the measurement techniques and will be called

o
L2



implicit power noise, while the last two described noise power associated
with determining the state of the system, and will be called induced power
noise. The second major group of terms describe noise sources which mani-
fest themselves initially as voltages. This voltage noise either arises
from implicit fluctuations in the system(or amplifier) as is the case for
the first two terms, or is induced by the measurement process as are the

latter two terms. These noise sources will be referred to as implicit vol-

tage noise and induced voltage noise respectively. Since all the voltage
2

noise terms contain the reciprocal of S7, it would appear that they can

be arbitrarily reduced by increasing the responsivity. This is true only

if the responsivity and voltage noise are suitably independent. An impor-
tant part of this research has been to determine their degree of indepen-~
dence. The last group of terms arise because of factors affecting the
noise phase coherence between the corresponding induced power and induced
voitage noise terms. For thesé cross terms to be important, the correspond-
ing induced noise terms must be of comparable magnitude.

Returning to the power noise sources, the implicit power noise is
conceptually easiest to handle, since 1ittle choice is availahle for
minimizing these terms. ATl three are reduced by going to Tower tempe-
ratures while the first term, the phonon noise, can also be reduced by
using a lTower thermal conductance between the heat sink and detector.

The two photon noise terms involve the emissivity of the detectér and of
the background, and thus can be controlled to some extent. Unfortunately,
the responsivity tends to be proportional to the emissivity of the
detector so that it cannot be adjusted arbitrarily. Reduction of the

induced power noise is complicated by the fact that the responsivity

1

4



involves many of the same parameters affecting this noise, so care must
be taken that changes aimed at reducing induced power noise do not reduce
the responsivity, thus making the voltage noise predominant.
For a superconducting bolometer the most important terms in equation (1)

)2 2 2

are (N.E.P.)" = 4kT°G + (I AR)2 , - if we (a) assume a large respon-

sivity, and note (b) that T -0, R -+ 0; and Tb +~ 0 for a suitably shielded
superconducting detector.
Thus, the noise is determined, for the most part, by phonen noise,

that is power conduction between the element and heat sink, and transition

region noise which manifests itself in AR.
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IV. RESPONSIVITY OF A SUPERCONDUCTING BOLOMETER

The responsivity S of a resistive bolometer is given by:

_ 7 R 3T ,
S=153p (2)

where 3T/8P 1is determined by the differential equation:

dr £ (T )
me S = Pef(t) - G (T-To), (3)

where P is the incident power and f(t) is a periodic function which
describes the power modulation (e.g. light chopping system). R is the
resistance of the element, m its mass, and c its specific heat, while I
is the drive current and G the total thermal conductance between the
element and the heat sink. For conventional square wave light chopping
at a frequency f, which is large compared to the thermal relaxation

freauency, this becomes,

153

0

cf

—1

Z

=3

This expression contains most of the salient features of the
general solution which is rather cumbersome to work with, and need
not be written down. It should be noted, however, that in this Timit,
the mean operating temperature continues to change for periods given by
the thermal time constant so that net temperature excursions many times
greaterbthan Pe/?2 mcf will be observed.

From the factors in Eg. 4,:various ways of increasing the respon-
sivity of a bolometer are evidentf It turns out, however, that many of
these approaches simu]tanebus1y ihcrease eiﬁher the voltage noiéekor

the induced power noise, so that careful calculations are reguired



to determine the optimum values of the various Tactors involved. One
relatively safe solution is to maximize the temperature coefficient of
resistance, 3R/ 3T. If this can be done without making R itself too
large, the noise terms should not be affected. This possibility is of
.course the major reason superconducting bolometers (which have a very
large 3R/ aT) are so attractive. The major unanswered question is

"What is the magnitude of the resistance fluctuations in the voltage noise

term, (I14R)2/s?

, and what physical facters affect this fluctuation?”.
Clearly, if AR were proportional to 8R/3T, this term would preclude such
an approach to Tower N.E.P.

A few more examples of the possible adverse net effect
associated with increases in responsivity are mentioned below:

1) If the measuring current is increased, a given change of resis-
tance produces a correspondingly greater voltage change. It is well
known, however, that the tempéraﬁure coefficient of resistance in the
transition region decreases with increased magnetic field, as well as
the specific heat, and in addition, the transition changes from a second
to first order phase change with an associated latent heat. Thus, even
the response per se may not be increased. Alsoc the induced power noise
term, IZAR, is increased and unless the current source is noiseless,
the 2IRAI term will probably increase. 'Fina11y, the induced voltage
noise terms | 1%3-)2 and [-B%L

2) If the mass of the detecting element is reduced, the smaller

) will increase.

total heat capacity means that a given power causes a greater tempera-
ture excursion. If, however, the surface area remains the same, the

resistance will be correspondingly increased, and probably the resistance



o
o0

fluctuations will be increased, perhaps at a greater rate. Hence, all

the induced noise sources as well as the Johnson noise would be increased.
For a superconducting bolometer, the resistivity and consequently the
impedance are generally so low that the induced voltage noise sources

are negligible. This consideration, however, may be extremely. important
for other types of bo]ometersﬂusing materials with high resistivity.

3) By changing superconducting materials, the specific heat can

[0

perhaps be reduced by 3R/3T, AR and m will all have new values. Sinc
virtually no data on AR, the spontanecus transition region resistance
fluctuation, is available and very Tittle on 8R/8T, such data must be

obtained experimentally and further work is required.



V. AREAS OF PROGRESS MADE THROUGH FEBRUARY 28, 1970

Data
~The most significant progress is:
1. The ultraviolet spectrum of argon between 500 and
10004 using a superconducting bolometer has been obtained. (See
Fig. 4.) -
2. The absolute determination of a N.E.P. = 10
The N.E.P. was determined by calibrating the bolometer against
a blackbody radiator, and then measuring the ncise in the spectrum
shown in Fig. 4. The chopper blade was used as the blackbody radiator.

N

The change in emissivity between the open and closed pesition of the

chopper resulted in two radiation levels. These levels were used to
make the calibration and the N.E.P. figure was calculated based
on the Stefan Boltzman eguation for total power radiated by a black
body. The fraction of this power falling on the detector was also
ca]cu]ated, making allowance for astigmatism in the monochvomator.

For the chopper closed the element Tooks at a flat black painted
surface, and for it open it Tooks at the brass metal constituting
the back side of the entrance slit to the monochromator. The tempe~
rature was taken equal to 290°K, the detector emissivity 1.0, the
change in chopper emissivity 0.3, the solid angle subtended from
chopper to grating, 10"3 steradians, and the area of detector and
emitter 1.25 x 1075 in% and 1.25 x 107" in® and 1.25 X 107" n?
respectively. |

It was determined that a change 1in radiated power of 10"8 watts
fell on the element due to the chopper. This information, along
with gain settings was used to calibrate the detector and obtain a

N.E.P.
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3. The determination of a primary response time = §
milliseconds.
Refer to Fig. 5. These pictures were taken at the central
image, with the spark source operating at approximately a 50-hertz
rate, at 10 kilovolts and 30 milliamperes. The dual trace photographs
were taken operating the oscilloscope in the chopped mode.

is,both traces have the same absolute time axis.

Picture 1 shows the output signal from the Tirst demodulator,
demodu]atiﬁg at a 3~kilohertz rate. The region of peaked waveforms
corresponds to the Tight chopper open and the spark source firing
every 16 milliseconds. The zerc signal region corresponds to the
-chopper being closed.

The upper trace of Picture 2 is similar to Picture 1. The
Tower tface shows the firing times for the light source.

Picture 3 shows the output from the first demodulator and the
corresponding input to the second demodulator.

Picture 4. The upper trace shows the input signal to the first
demodulator. The lower trace shows the Tight source firing times.

From this latter photograph the recovery time, or time required
to conduct heat from the element to the heat sink, was determined to

be approximately 8 milliseconds.

Thin Lead Films

The thermal mass of’the Tead elements has been reduced an order
of maghitude by going_to 0.0002 inch thick elements. These»e?emen%s
are cut from lead shéets T;S-fnches x 1T inch and 0.0002 inch thick,
purchased from Goodfellow Metals Ltd., England. The cost for six

of these sheets is $40.00.
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FIGURE 5

i i

Y =2V /em X =20msec/cm Y=2V/cm X=20msec/em

CHOPPED LIGHT SOURCE CHOPPED LIGHT SOURCE RADIATION
RADIATION LIGHT SOURCE TIMING PULSE

3. 4.

Y=2V/cm X=20msec/cm Y=50mv/cm X=2, Omsec/em

CHOPPED IggGHT SOURCE RADIATION  CHOPPED LgGHT SOURCE RADIATION
s

( output 1°~ demodulator ) ( input 17 demodulator )
CHOPPED LIGHT SOURCE RADIATION LIGHT SOURCE TIMING PUL

( input 15t demodulator )
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Insulation Between Primary and Secondary Heat Sinks

The primary and secondary heat sinks are thermally insulated
from each other by nylon washers. However, in the past as the T
assembly was cooled to Tiquid helium temperatures, the metal screws

which go through the nylon washers very often came in contact with

.
nary

the primary heat sink. This caused a thermal short between the pris

4

and secondary heat sinks resulting in the lead elements always being
too cold. To prevent this, a thin sheet of kapton is used to center

each of the four supporting secondary heat sink screws.

Vacuum Ultraviolet Light Source

To take the spectrum shown in Fig. 4, a new, Tow noise, spark
source, described earlier, was added to the system in place of the
~glow source. The advantage of the spark source is that it produces
a more intense spectrum. Because of the complete coaxial symmnetry
of this source very Tittle electromagnetic noise was produced.
This made it possible for the first time to utilize the full sensi-

tivity of the bolometer electronics with this type of source.

Tripartite Grating

The previous 600£/mm, aluminum coated grating in the mono-
chromator was replaced with a Bausch and Lomb 1200£/mm, gold coated,
tripartite grating. This replacement greatly increased transmission
through the monochromator and substantially reduced interferring

scattered 1ight near the central image.
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VI. SUMMARY AND CONCLUSIONS

A fully operational superconductingbolometer has been developed.
It operates in the transition region between the superconducting and

-11 e
watts, a sensitivitly

normal states of lead. It has a N.E.P. = 10
of 70u volts/u watt, and a primary response time of 8 milliseconds.
The wide spectral range, high-sensitivity and Tow noise make this a
valuable absolute detector for many applications, particularly in the
vacuum ultraviolet.

The N.E.P. and sensitivity for the present bolometer do not,
however, represent a fundamental Timit for such detectors. Indeed,
more sensitive detectors have been constructed in this laboratory
but their reliability was uncertain and hence not useful in a laboratory
instrument. In order to improve the reliability and sensitivity of this

type of bolometer it will be necessary to learn much more about transition

region noise in superconductors.



APPENDIX I
Construction of the Bolometer
Instructions for Assembly of Sensor Unit ("T" Assembly)
The heater resistors are inserted into the secondary heat sinks
and the secondary heat sinks are mounted on the base bracket with
bolts (see Figs.2, 3 and 6-11). Twoc nylon washers are used on each

bolt, one to insulate the head of the bolt from the base bracket and

; L
PP AV
LoSThK.

N3

.

. [N
ary he:

the other to insulate the base bracket from the secon

¢

i

The electrical connector is mounted in the brass connector holder
and brass connector mounting (see Figs. 2, 12a and 12b). One wire
from each resistor is connected to the heater pins #3 and #6; the
other lead from each resistor is soldered to the heater return pin,
#1 (see Fig. 10). 1In connecting the Teads, first the end which is
connected to the heating resistor is soldered as close to the

main body as possible, Teaving room for a piece of small diameter
teflon sleeving to be inserted up to the point where the Tead qs
soldered (see Fig. 7a). The wire is then coiled about the tube
twenty or thirty times before going on to its other connection,

thus giving the required high thermal isolation. The Teads are

then soldered to thin strips of copper foil which go to the connector

via brass connector thermal decoupler mounting.

The filament mounts are made by cutting 1 mil copper as
shown in Fig. 7b. They are mounted to the secondary heat sink with
nylon bolts, and are insulated from the secondary heat sink with
nylon bolts, and are insulated from the secondary heat sink by

T mil mylar insulators cut as shown in Fig. 4b (see Fig. 2). Leads
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to the filament mounts are soldered as the resistor leads were
(see Fig. 7b). The leads from one end of the secondary heat sink
are soldered to the drive pins, #2 and #7 (see Fig. 10) and the
leads at the other end are soldered to the drive return pin (see
Fig. 10).

‘The wire clamps are then mounted on the tee heat sink. These
clamps both thermally decouple and secure wires connecting the
filament mounts, the primary of the coil {on the bottom}, and
the heater resistors, and filament mounts (on the sides). ATl
of these wires are géing from the connector to the various com-

ponents attached to the secondary heat sink. (See Figs. 2 and 9b).

Filaments

The filaments for the bolometer are made from lead foil,
0.0002" thick, purchased from Goodfellow Metals Ltd., Rusdex
Towers, Claygate-Esher, Surrey, England. The foil is cut on the
filament cutting platform (see Fig. 6), and is placed on the glass
with the tightening screws loose. The micrometer is turned until
the glass is as much under the clamp as possible. The foil is
placed such that it is extended about 0.005" to 0.040"
under the clamp. The screws are then tightened and an exacto-
knife with a curved blade is used to cut the foil. The edge of
the blade closest to the handle is placed on the glass next to
the clamp on the edge Of.the foil and rocked forward cutting the
foil. | Typical film sizes were 0.00S”»wide and 3/4" long. The
filaments are so]deréd to the“filament mounts (see Fig. 7) and

coated with Kodak black. The kodak black is applied with the edge



of a small piece of tissue paper while viewed with a wide field
binocular microscope in order to aveid damaging the filaments.
Construction of Transformer

In constructing the transformer, a metal bar 1/8" by 5/8" by 1"
is wrapped with 1 mil mylar tape four or five times (see Fig. &b).
Next, two end plates are cut by making a 1/8" x 5/8" hole through
5 mil thick mylar which is then slipped over the tape on the bar until
they are 3/32" from each other and are evenly spaced from the ends
of the tape (see Figs. 8a and b). The tape is removed from the
bar and sTots are cut in the tape outside the end plates so that
the tape can be folded flush with the mylar (see Fig. 8b). Copper
wire, EW 9313 magnet wire K?972]~RR1, #63, is wound 100 times around
the resulting bobbin Teaving an inch free at both ends of the wire.
One mil copper foil is cut into a strip 6" Tong by 3/32" wide and
is placed in the middle of a strip of nylon tape which is folded
around it, the excess nylon tape being trimmed away (see Fig. 8¢).
The insulated copper is now wound seven times around the bobbin on
top of the previous 100 turn winding. The ends should have 1/2"
freedom and should face in the opposite direction to the two wire
ends (see Fig. 8d). A 5/8" strip of magnetic shield foil, AA-Co-
Netic foil annealed, is wound four times about the core and one
side, four times about the core and the other side and four times
about the entire transformer, then taped with mylar tape (see Fig. 8c).

The transformer is mounted on the tee heat sink with the coil

plafe and two boits (see Figs. 2, 3, 9a, and 12c). The primary

coil (seven turns) is connected to the filament mounts which are
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connected to pins two and seven of the connector, and the secondary

is connected to pins four and five (see Figs. 12 and 10).

Wiring of the Dewar

A Jdanis Tiquid helium research dewar, Model #8 D.T., was used
for cooling the bolometer elements. Eight wires are run from an
eight pin feed~-thru on the outer wall of the dewar. The wires are
divided into three groups. One group consists of the left and righ
heater wires and the heater return. The second group consists of
the Teft and right drive wire and the drive return. The third
group consists of the two output wires. The individual groups are
tightly twisted and put within separate teflon sleeves. The groups
are then wound around the dewar tail and taped down with masking
tape leaving the ends free for attachment to the bolometer connector
(see Fig. 3).

To make the bolometer connector, (see Fig. 12d), eight metal
pins, 0.017" in diameter are inserted into a bakelite plug so that
they extend from the plug 1/4". The pins are wound with three or
four turns of #36 heavy formvar magnet wire, the varnish being
first removed from the ends by use of a flame and sandpaper, and
soldered. Three or four inches of wire per pin should be used. Uhen
the pins are inserted the ends with the wire, face away from the
connector plus as the pin is inserted thro&gh the wider side of
the holes. This side is now coated with epoxy to seal the pins in.

The wires from the plug are connected to those leading down
the ‘dewar tail. First a piece of teflon sleeving just large

enough to fit loosely over the wire is slid over each wire from



the dewar tail. This tubing should allow 1/2" of wire uncovered
at the end for connections. The varnish from the wires from the

dewar tail and the connector plug is removed. One pair of needle-

nosed pliers holds one wire against the other 1/4" from the end of

the other wire. The second wire is wound about the first and
soldered with as Tittle solder as possible and the teflon slesving
is slid over the solder joint for insulation. A1l sets of wires
are Tikewise joined. The wires are of course connscted so that 1l

connector plug pins match those in the tee assembly connector (see

Fig. 10).

Shielding and General Assemb]y

The top surface of the bolometer tee assembly is coated with
type N apiezon vacuum grease and bolted to the bottom of the dewar
tail as shown in Fig. 3.

The lead coated copper shield can has collar for the copper

~

collimator tube adjusted such that the hole of the collar lines up

with the hole in the can (see Figs. 13 and 14). The can is ther
covered on the sides and bottom with aluminum foil which is held

in place with aluminized mylar tape. The hole and notch are kept
free of foil. The can is coated on the inside at the top with the
vacuum grease. The brass shield clamp is coated on the inside sur-
face with vacuum grease and put Toosely over the can at the top

so that the extending portion of the clamp fits the can's notch
(see Fig. 15). The can is placed over the tee assembly so the hole

is centered over one filament (see Fig. 3). The filament, when

36
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COPPER COLLAR
for Collimating Tube

(BOLOMETER SENSING APPARATUS )

Figure 14
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looking through the hole on the left, is generally used. An
alignment 1ight source is turned on, and the Tight is centered in
the collimator tube by turning the copper can (see Figs. 3 and 17b).
The connector plug is plugged in and all excess wires to the plug
are taped to the dewar tail with aluminized mylar tape and the
cotlimator is removed.

Now the tail of the dewar is covered with a piece of aluminum

o .

foil cut as wide as the height of the tail and 6" long, and is ta

with masking tape at the top, middle, and bottom of the tail. It is
then wound around the tail and taped tightly with aluminized mylar
tape. A notch is cut where the groups of wires just begin to wind
about the dewar tail so thét the wires only touch the aluminum while
they are heat sunk to the dewar tail (see Fig. 3).

The atuminum shield is then bolted onto the base of the dewar.
Using a mirror and a light, the dewar tail inside the aluminum
shield s checked to make sure that there is nothing touching the
shield, such as wires, tape or foil. The aluminum shield can is

snapped into the aluminum shield (see Figs. 3 and 13b). The alumi-

il it

num collimator holder 1is mounted on the aluminum "can
centered over its aperature (see Figs. 13b and 16). The aperature
in both the aluminum and copper radiation shields must be aligned.
Both collimators are screwed in, the copper first and the’sEiﬁ in
the aluminum tube is set verticle (see Figs. 3 and 17). The light
source is turned on again to center the aluminum tube. A Tight is
used to Took through the s1it in the aluminum tube to be sure there

is no contact between the aluminum collimator andcopper collimator.

If they are touching, the aluminum tube is moved until it is free and
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fhen the bolt on the aluminum collimator holder is tightened. The
tubes are\now removed. The outer dewar tube is bolted on as shown
in Fig. 2 and the collimators are screwed in as before. Connecting
- tubes are bolted on to connect the outer dewar tube to the mono-

chromator.



APPENDIX 11
Cooling and Operation of the Superconducting Bolometer

Pumping
- After the bolometer is completely assembled and all possibie
| connections are tested the pumping can begin. When the pressure

falls below 50u the diffusion pumps are turned on.

Cooling

The inner dewar is wiped with a cloth to remove moisture. Now
cooling can begin. Liquid nitrogen is put into the Janis dewar's
outer jacket. When the liquid ievel reaches the top, a piece of
insulating plastic is set on top of the dewar and the bolometer is
then left for about an hour to cool. The inner dewar is then slowly
Tilled with liquid nitrogen until the level is two ‘to three inches
above the inner dewar's tail and bolometer is left for another 1/2
hour to cool before proceeding.

If the inner dewar is cooled too guickly its indium O-ring
seal may leak. The system should thén be allowed to warm up with
the pump on. Upon warming, the dewar is brought up to atmospheric
pressure by opening the bleed valve. The bleed valve is then closed
and the pumping process repeated to reseal the O-ring. If the

2

pressure goes down to 5 x 10 “u the cooling process is repeated.

£t
whe

If there is no rise in pressure upon adding ligquid nitrogen to
inner dewar the Teak is sealed. If the pressure rises or never goes

below 5 x 10'2

w or does not lower upon cooling, then the O-ring must
be replaced (see operating instructions for detachable tail research

dewars by Janis).



o

-Next, the liguid nitrogen is removed from the inner dewar.
A brass stopper is clamped to the top of the inner dewar (see
Figs. 18 and 19) and a piece of thick rubber vacuum tubing is
attached to it which is in turn attached to a pressure gauge. The
gas inlet of the gauge is connected to a rubber tube running to a
cylinder of helium gas. A copper tube, reaching to the bottom of
the dewar and extending three inches above the pressure gauge is
covered for eight inches at one end with plastic hose, the hose
extends a foot from the end of the tube. The tube is inserted into
the gauge until it reaches the bottom of the dewar and the clamp is
tightened on it (see Fig. 10). The hose is put into the Tiguid
nitrogen in the outer dewar. The vent holes of the inner dewar are
sealed by attaching a piece of hose so one end is tightly placed
over each hole. Helium gas at a pressure of about 20 oz. is used
to force the Tiquid nitrogen out. A slow decrease of pressure, if
the gas inflow is stopped, indicates nitrogen is being transferred.
A rapid drop in pressure will be observed when the Tiguid nitrogen
has been transferred. The 1liquid nitrogen removal apparatus may then
be removed and the covers replaced until Tiquid helium is transferred.

When the Tiquid helium is to be transferred, the caps are

removed from the inner dewar. The liquid helium storage dewar is
then fitted with a Janis transfer tube, (Model FHT flexible tube)
and the dewar is preésurized to about "8 bz.” with helium gas; If
a dense white plume can be seen rising from the inner dewar, the
“pressure should be Towered since this indicates 1iquid helium is
bging blown out. Periodic éhecks should be made to determine the
Tevel of helium in the bolometer dewar. To measure the level, a

rod four feet Tong of 1/8" I.D. thin walled stainless steel tubing is
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used. On one end a cap is mounted on which one's finger is placed.
On Towering the other end into the dewar vibrations are felt and
reaching the liquid Tevel the frequency sharply decreases. When
the Tevel in the bolometer dewar is sixteen inches from the bottom
transferring should be stopped. This corresponds to roughly 6 Titers.
The covers and insulation should now be replaced on top of the inner
dewar.

The Tow temperature exit arm collimator baffle, shown in Fig.
20, can now be cooled with Tiquid nitrogen. By reducing the tempe-
rature in this region of the monochromator exit arm the background
radiation reaching the detector can be reduced. This affords a
lower N.E.P. since the noise associated with this radiation will be
reduced and, in addition, thermal drift of the detector due to

temperature changes of the monochromator envelope is minimized.
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